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Abstract 

The log-normal distribution is used to describe the positive data, that it has skewed 
distribution with small mean and large variance. This distribution has application in many 
sciences for example medicine, economics, biology and alimentary science, ect. Comparison 
of means of several log-normal populations always has been in focus of researchers, but the 
test statistic are not easy to derive or extremely complicated for this comparisons. In this 
paper, the different methods exist for this testing that we can point out F-test, likelihood 
ratio test, generalized p-value approach and computational approach test. In this line with 
help of simulation studies, in this methods we compare and evaluate size and power test. 
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1 Introduction 

The skewed distributions are particularly common when mean values are small, variances are 
large and values cannot be negative (for example lengths of latent periods of infectious diseases), 
and often closely fit the log-normal distribution. The log-normal distribution has been widely 
used in medical, biological and economic studies, where data are positive and have a right- 
skewed distribution 

Let Xij be random sample from k independent log-normal distributions, i.e. 

Yij = log (X^) ~ N (,Ui , of) , i = 1,. • • , k ;; j = 1,. . . , n*. 
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Also, let ipi = E ( Xij ) = exp(//j + \df) denote the mean of the z-th population. Suppose 
we are interested in testing 

Hq : (pi = = • • • = Wk vs. Ha '■ Not all the ipiS are equal. (1.1) 

Then the testing problem (1.1) is equivalent to testing 

H 0 : rii = 77 , vs. Ha- Not all the rjiS are equal (1.2) 

where rji = log (ipi) = fii + and rj is unspecified. 

It is well-known that the maximum likelihood estimators (MLE’s) for //,; maximum likeli¬ 
hood estimation and of are Y t and Sf, respectively, where 

1 rii , rii 

Y i = -Y i Y ij and S? = - V (^ - F^) 2 , (1.3) 

rii “ in ^ ' 

3 = 1 J= l 

Therefore, the MLE of r/, is rji = fj n + f u ) 2 that it has approximately normal distribution with 

1 • cr? (nj —l)c^ 

mean r? 7 - and variance Vj = — + -— - 4 1 . 

" * rii 2n‘ 

2 The CAT 

Pal et al. (2007) introduced the CAT in a general setup. Suppose X \, X- 2 ,..., X n is a random 
sample from a population with the known density function f (x |A) with A = where 6 

is the parameter of interest and ^ is the nuisance parameter. To test Hq : 6 = 8q against 
a suitable alternative H i at level a, the general methodology of the CAT for testing is given 
through the following steps: 

1. First obtain A= (j), the MLE of A. 

2. Assume that Hq is true, i.e., set 8 = 8q. Then find the MLE of ?/> from the data. Call 
this as the ‘restricted MLE’ of ^ under Hq and denote by i^rml- 

3. Generate artificial sample Y\,Y 2 ,... ,Y n from /(x\8q ,iPrml) a large number of times 
(say, M times). For each of these replicated samples, recalculate the MLE of A = (8,il>). 
Retain only the component that is relevant for .Let these recalculated MLE values of be 
6 *i, 8-2, - - -, 8m- 

4. Let 8/ 1 ) < 0 ( 2 ) < • • • < Q(M) be the ordered values of 8i, 1 < l < M. 



5. (i) For testing Hq : 9 = 9q against H \ : 9 < 9q, define 9l = Ot aM y Reject Hq if 9 < 
and accept Hq otherwise. Alternatively, calculate the p-value as 

1 M 
1=1 


(ii) For testing Hq : 9 = 9q against H\ : 9 > 9q, define 9jj = 0((i- a )M)- Reject Hq if 
9 > 9u and accept Hq otherwise. Alternatively, calculate the p-value as 

1 M 

l=i 

(iii) For testing Hq : 9 = 9q against H\ : 9 < 9q, define 9l = 9u a / 2 )M) and @u = 
9((i-a/2 )M)- Reject Hq if 9 < 9l or 9 > 9u and accept Hq otherwise. Alternatively, calculate 
the p-value as: 

p = 2 min (p±, 1 — p\) , 


where Pl = ± E/=i 101 < &)■ 

Now implement the CAT for testing the equality of several log-normal means. To apply 
our proposed CAT, we first need to express Hq in term of a suitable scalar 9. Define 

2 


9 = h (w;; ^- ? ?) 2 = 2 


i= 1 


2—1 


[ Vi 

yz-ii =i Vi 
Z-^i=l Vi 


where r, = (E**=i £) Eti %■ R is seen that the hypothesis in ( 1 . 2 ) is equivalent to 


HI : 9 = 0 vs H* a : 9 > 0. 


If we apply the steps of CAT, then we have the following steps for testing the equality of 
means of several log-normal distributions: 

1) Obtain pi = Ajand of = Sf, i = 1,..., k, and calculate 9 = h (pp ; of) . 

2 ) Assume that Hq in ( 1 . 2 ) is true, i.e., set pi = rj — ^of, 1 = i = k. The likelihood 
function (under Hq) is a function of (r/, of,..., of) only. The restricted MLE’s of 77 , of,..., of, 
denoted by VRML^^ml)i ! = * = &, are found using numerical methods, see [6]. Define 
k'i(RML) = VRML ~ 2 a i(RML) 

3) Generate artificial sample Yu,. . . ,Yi ni (= Yi, say) independent random sample from 
N {^ppRML) 1 ^i(RML )) • Re P eat this process M times. In the Z-th replication (1 = 1 = M) based 
on Y® get the MLE’s of //, and of by (1.3) and call them as fip and off " 1 . Then recalculate 
9 as 9 0 i = h(pp,dlP). 



4) Order the Oqi values as 0 O (i) = $o( 2 ) = • • • = Oq(m)- 

5) Let 9jj = Oo((i-a)M) and reject Ho if 9 > Ojj and accept Hq otherwise. Alternatively, if 

the value P = jj Yli= 1 1 is smaller than the nominal level a, then reject Hq. 
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